We study, the effect of thermal radiation and viscous dissipation on steady MHD free convection and mass transfer flow of a micropolar fluid with constant heat and mass fluxes. The diffusion thermo, thermal diffusion, viscous dissipation and Joule heating have been considered for high speed fluid. The governing equations of the problem contain the partial differential equations which are transformed by similarity technique into dimensionless ordinary coupled non-linear differential equations. The dimensionless governing equations are solved numerically by using fourth order Runge-Kutta shooting iteration technique. We investigate in detail the distributions of velocity, microrotation, temperature and concentration across the boundary layer and also evaluated the skin friction, couple stress, the rate of heat and mass transfer at the plate.
and Machireddy [14] have investigated Thermal Radiation and Chemical Reaction Effects on Steady Convective Slip Flow with Uniform Heat and Mass Flux in the Presence of Ohmic heating and a Heat Source. Harish Babu et al. [16] studied Joule heating effects on MHD mixed convection of a Jeffrey fluid over a stretching sheet with power law heat flux. Hitesh Kumar [17] studied Mixed convective magneto hydrodynamic flow of a micropolar fluid with ohmic heating, radiation and viscous dissipation over a chemically reacting porous plate subjected to a constant heat flux and concentration gradient. Kesavaiah et al. [21] studied Radiation absorption, chemical reaction and magnetic filed effects on the free convection and mass transfer flow through porous medium with constant suction and constant heat flux. Usha et al. [36] studied Thermal diffusion and radiation effects on mhd mixed convection flow in a channel with porous medium.
El-Haikem et al. [9] have studied the Joule heating effects on magneto hydrodynamic free convection flow of a micropolar fluid. El-Amin [7] has studied the magneto hydrodynamic free convection and mass transfer flow in micropolar fluid with constant suction. Very recently Rahman and Sattar [31] have studied the magneto hydrodynamic convective flow of a micropolar fluid past a continuously moving vertical porous plate in the presence of heat generation/absorption. In the above mentioned work they have extended the work of ElArabawy [8] to a MHD flow taking into account the effect of free convection and micro rotation. Kim [24] studied the unsteady MHD free convection flow of micropolar fluid past a vertical moving porous plate in a porous medium.
FORMULATION OF THE PROBLEM
We consider the steady two dimensional MHD free convective and mass transfer micropolar fluid flow past a semi-infinite vertical porous plate y=0. The x-axis is taken along the heated plate in the upward direction and the y-axis Since the occupying the plate y=0 is of semi-infinite extent and the micropolar fluid motion is steady, all physical quantities will depend only upon x and y. Within the framework of the above noted assumptions, the flow of a steady viscous incompressible micropolar fluid flow subject to the Boussinesq's approximation can be written in the following form The Continuity equation
The Momentum equation
The Angular momentum equation 
The Energy equation 2 22 22 22
The Concentration equation When s=0, we obtain 0   which represents no-spin condition , the micro elements in a concentrated particle flow close to the wall are not able to rotate. The case s=1/2 represents vanishing of the anti-symmetric part of the stress tensor and stress tensor and represents weak concentration. In a fine particle suspension of the particle spin is equal to the fluid velocity at the wall. The case s=1, represents turbulent boundary layer flow. Invoking Rosseland approximation the radiative flux equation reduces to   2  3  2  2  2  22  2  2  2 
We introduce the usual similarity variables 3 , ( 
The corresponding boundary conditions are 
SOLUTION OF THE PROBLEM
The coupled ordinary differential equations (9)- (12) are of third order in f, and second order in g, θ and  which have been reduced to a system of nine simultaneous equations of first-order for nine unknowns. In order to solve this system of equations numerically we require nine initial conditions but two initial conditions on f and one initial condition each on g, θ and  are known. However the values of f, g, θ and  are known at    . These four end conditions are utilized to produce four unknown initial conditions at η=0 by using shooting technique. The most crucial factor of this scheme is to choose the appropriate finite value of .
order to estimate the value of   , we start with some initial guess value and solve the boundary value problem consisting of equations (9)- (12) . Thus, the coupled non-linear boundary value problem of third order in f, second order in g, θ and  has been reduced to a system of nine simultaneous equations of first-order for nine unknowns as follows : 4 , g=f 5 ,
and a prime denotes differentiation with respect to η. The boundary conditions now become
International Journal of Mathematics Trends and Technology (IJMTT) -Volume 52 Number 4 December 2017
ISSN: 2231-5373 http://www.ijmttjournal.org
Page 238
Since f 3 (0), f 5 (0), f 7 (0) and f 9 (0) are not prescribed so we have to start with the initial approximations as f 3 (0)=s 10 , f 5 (0)=s 20 , f 7 (0)=s 30 and f 9 (0)=s 40 . Let γ 1 , γ 2 , γ 3 and γ 4 be the correct values of f 3 (0), f 5 (0) and f 7 (0) respectively. The resultant system of nine ordinary differential equations is integrated using fourth order RungeKutta shooting iteration technique method and denote the values of f 3 , f 5 ,f 7 40 . Next the entire process is repeated starting with f 1 (0), f 2 (0), s 11 , f 4 (0), s 21 , s 31 and s 41 as initial conditions. Iteration of the whole outlined process is repeated with the latest estimates of γ 1 , γ 2 , γ 3 and γ 4 until prescribed boundary conditions are satisfied.
Finally, s 1n =s 1(n-1) + δ s 1(n-1) , s 2n =s 2(n-1) + δ s 2(n-1) ,s 3n =s 3(n-1) +δ s 3(n-1) and s 4n =s 4(n-1) +δ s 4(n-1) for n=1,2,3,... are obtained which seemed to be the most desired approximate initial values of f 3 (0), f 5 (0), f 7 (0) and f 9 (0). In this way all the six initial conditions are determined. Now it is possible to solve the resultant system of seven simultaneous equations by fourth-order Runge-Kutta shooting iteration technique so that velocity, micro rotation, temperature and concentration fields for a particular set of physical parameters can easily be obtained. The results are provided in several tables and graphs.
RESULTS AND DISCUSSION
In this analysis, we investigate the combined influence of thermal radiation, Soret and Dufour effects on steady MHD free convective heat and mass transfer flow of a micro polar fluid past a vertical plate with constant heat and mass fluxes. The non linear governing equations have been solved by employing fourth order Runge-Kutta shooting iteration technique to study the physical significance of this problem. We have collected the numerical values of velocity, micro rotation, temperature and concentration within the boundary layer and also evaluated the skin friction, couple stress, the rate of heat and mass transfer at the plate. It can be seen that the solution effected by the parameters namely suction parameter (f w ), grashof number (G), buoyancy ratio (N), magnetic parameter (M), micro rotation parameter (Δ), dimension less spin gradient viscosity parameter (ᴧ), dimension less vertex viscosity parameter Figs (2) (3) (4) (5) shows the velocity, micro rotation, temperature and concentration profiles for different values of grashof number (G). It is found that an increase in G, enhances the velocity and micro rotation and reduces the temperature and concentration.
Figs (6-9) represent the effect of magnetic parameter (M) on velocity, micro rotation, temperature and concentration. Fig.6 shows that the velocity fields decreases with increase of magnetic parameter (M) these effects are more stronger near the surface of the plate. Fig.7 shows that the micro rotation field increasing negatively and decreases with increase of M. Figs (8 & 9) respectively shows that the variation of temperature and concentration with M. It can be seen from profile that the temperature and concentration gradually enhance with increase in M within boundary layer.
Figs ( Figs (14) (15) (16) (17) represent the effect of thermal radiation (Rd) on velocity, micro rotation, temperature and concentration. It is found that the higher the radiative heat flux larger the velocity and smaller the micro rotation. The temperature enhances and concentration reduces with increase in the radiation parameter R d Figs  (15 and 17) .
The variation of velocity, micro rotation, temperature and concentration with Eckert number (Ec) are represented in Figs (18-21) . Fig 18 shows that higher the dissipation larger the velocity in the boundary layer. From Fig 19 the micro rotation remains negative and reduces with increase in Ec. From figs (20 & 21) , we find that the higher the dissipation larger the temperature and smaller the concentration within the domain.
Figs (22) (23) (24) (25) represent the velocity, micro rotation, temperature and concentration for different values of suction parameter fw. Here fw>0 correspond to suction fw<0 correspond to injection or cooling at the plate. From figs 22 and 26 it can be seen that the velocity field decreases with increase in suction parameter fw , for fw>0 and for fw<0 the velocity decreases for fw< -1.0,enhances with higher fw=-1.5 and again reduces with still higher fw=-2.5 indicate the usual fact that suction stabilizer the boundary layer growth. Figs. (23 and 27) represent the micro rotation field with fw. It can be seen from profile that the micro rotation field or angular velocity (g) remains negative and decreases with fw>0 and for fw<0.It enhances fw<-1.0 reduces with higher fw=-1.5 and again enhances with higher fw=-2.5. Figs 24, 25, 28 and 29 represents the temperature and concentration with suction parameter fw an increase in( fw>0) reduces the temperature and concentration in the boundary layer while for fw<0 the temperature reduces for fw<-1.0 enhances for fw=-1.5 and again reduces with still higher fw=-2.5 also the concentration increases for lower and higher values of fw<0 and reduces for intermediate value fw=-1.5.
Figs (30) (31) (32) (33) represent the effect of dimension less vertex viscosity parameter (λ), Fig. 30 shows that the velocity field increases with increasing values of vertex viscosity parameter λ. Fig. 31 shows that micro rotation remains negative and increases with increasing of λ<0.6 and for higher λ=0.8 it reduces in the boundary layer. Fig. 32 shows that the temperature reduces with increase in vertex viscosity parameter λ. Fig. 33 shows that the concentration reduces with increasing of λ < 0.6 and enhance with higher λ=0.8.
Figs (34) (35) (36) (37) represent the velocity and micro rotation with spin gradient viscosity parameter (ᴧ). Fig.  34 shows that the velocity reduces with increase in viscosity parameter (ᴧ). The effect various parameters on skin friction (Cf), couple stress (Cw). Nusslet number (Nu) and Sherwood number (Sh) are tabulated in table1.from the tabler values we find that the skin friction coefficient increases with increasing in G and decreases with increase in M and D −1 .When the molecular buoyancy force dominates over the thermal buoyancy force. We find that lesser molecular diffusivity/ thermal diffusivity smaller the skin friction coefficient. Increase in the Soret parameter (Sr) or decrease in dufour parameter Du. Increases the cf on the wall. W.r.t to Eeckert number Ec or thermal radiation parameter Rd, we find that higher the dissipative effect / radiation heat flux, larger the skin friction coefficient on the wall. temperature flow field an increasing Ec enhances Cf, Cw, Nu and Sh.  Increasing Soret parameter (Sr) (or decreasing Dufour parameter (Du)) enhances velocity and concentration and reduces microrotation (g) and temperature increase Sr (or decrease in Du) reduces to enhancement Cf, Cw ,Nu , and depreciation Sh .  An increase the suction parameter fw reduces velocity, microrotation and concentration. An increasing Cf, Cw, reduces Nu , Sh increases on the plate η=0 with increase in fw.  An increasing vertex viscosity parameter (λ) enhances velocity, microrotation and reduces temperature while the concentration reduces with λ˂0.6 and enhance with higher λ=0.8, Cf , Cw reduces on the wall while Nu and Sh enhances in the wall with increase in λ.
